Based on large-scale data for the yeast Saccharomyces cerevisiae (protein and mRNA abundance, translational status, transcript length), we investigate the relation of transcription, translation, and protein turnover on a genome-wide scale. We elucidate variations between different spatial cell compartments and functional modules by comparing protein-to-mRNA ratios, translational activity, and a novel descriptor for protein-specific degradation (protein half-life descriptor). This analysis helps to understand the cell's strategy to use transcriptional and posttranscriptional regulation mechanisms for managing protein levels. For instance, it is possible to identify modules that are subject to suppressed translation under normal conditions ("translation on demand"). In order to reduce inconsistencies between the datasets, we compiled a new reference mRNA abundance dataset and we present a novel approach to correct large microarray signals for a saturation bias. Accounting for ribosome density based on transcript length rather than ORF length improves the correlation of observed protein levels to translational activity. We discuss potential causes for the deviations of these correlations. Finally, we introduce a quantitative descriptor for protein degradation (protein half-life descriptor) and compare it to measured half-lives. The study demonstrates significant post-transcriptional control of protein levels for a number of different compartments and functional modules, which is missed when exclusively focusing on transcript levels. Molecular & Cellular Proteomics 3:1083-1092, 2004.
Recent publication of high-throughput data of the yeast Saccharomyces cerevisiae (1) (2) (3) opens the possibility to analyze the relationship between protein abundance, mRNA levels, and translational status on a genome-wide scale. Often mRNA abundance is used as a surrogate for protein amounts. Most studies employing cDNA microarrays assume that a high transcription of an ORF correlates with a high abundance of the corresponding protein. Previous studies either could not find a correlation between protein and mRNA abundance (4) or the correlation was only weak (5) (6) (7) (8) . Greenbaum and coworkers (7) discuss three potential reasons for the lack of a perfect correlation between mRNA and protein levels: i) translational regulation, ii) difference of in vivo protein half-lives, and iii) the significant amount of experimental error including differences with respect to the experimental conditions. Understanding post-transcriptional regulation is crucial for correctly interpreting gene expression data. A full understanding of cell responses to external stimuli includes both transcription and translation regulation (6, 9, 10) . It is important to distinguish processes regulating the overall translation (such as the total number or activity of available ribosomes) from protein-specific mechanisms of translation regulation (11) (12) (13) . In addition to these translation-related mechanisms, selective degradation of proteins (protein turnover) regulates the cellular protein levels and affects the observed correlation between protein and mRNA abundance (14) .
In this article, we explore the premise that protein levels are mainly determined by the corresponding mRNA levels, and we show to what extent translational regulation and selective degradation obliterate a perfect correlation between mRNA and protein abundance. Our focus lies on post-transcriptional regulation of protein amounts measured under standard loggrowth conditions. For different compartments and functional modules we investigate to what extent protein levels are determined by the three factors mRNA concentration, translation rate (ribosome density and ribosome occupancy), and protein specific degradation. With "compartment" we always denote spatial subcellular structures, while "module" applies to functionally related genes and proteins. The value of analyzing protein-mRNA correlations for different functional modules and pathways has been noted previously (7) (8) (9) . We demonstrate that the quality of protein-mRNA correlations varies among different cellular compartments and functional modules, and we quantify the contribution of post-transcriptional steps, including protein turnover, to the observed expression regulation of proteins. In addition, this study constitutes an example of how large-scale transcriptomics and proteomics data can be combined to gain new insights into cellular regulation.
MATERIALS AND METHODS
Reference Data for mRNA Abundance-We obtained a reference mRNA abundance value for each ORF by combining 36 microarray datasets taken from the literature (supplemental material). All selected experiments are performed with wild-type yeast strains, grown in YPD medium under log-growth conditions without any stressors or chemical agents. These experiments generally served as control experiments. In order to obtain the reference data set the following steps were taken:
1. Microarray signal normalization according to Bolstad et al. (15) 2. Select median signal of each ORF as microarray-based standard signal (MSS) 1 
Saturation correction
In order to correct the MSS for saturation effects, we compared the MSS values to values obtained by serial analysis of gene expression (SAGE) (16) . Based on that comparison, we derived a correction for MSS larger than 13 copies per cell (see below).
More details on the data processing are given in the supplemental material. The complete mRNA reference dataset with the median, arithmetic mean, and different error estimates can be obtained from our web site (www.imb-jena.de/tsb/yeast_proteome).
Saturation Correction-Microarray measurements tend to underestimate high levels due to saturation during hybridization (5, 17) . SAGE data on the other hand are inaccurate at low mRNA concentrations. In accordance with previous work (5, 7), we used SAGE measurements (16) to adjust the microarray measurements in the upper range. Plotting the two datasets against each other reveals a systematically increasing deviation between the datasets (Fig. S1 , supplemental material). Average expression levels start to deviate significantly above 13 molecules per cell. Hence, the correction y ϭ 0.053⅐MSS 2.098 (y is the corrected mRNA signal) is applied to all MSS above 13 mRNA molecules per cell. This correction is based on a regression of the deviation for values larger than 13. Our approach of adjusting microarray data has the advantage of using a signal-dependent correction. This way of adjusting the two datasets to each other is similar to state-of-the-art normalization methods used for microarray analysis (15) . Its main advantage is that large mRNA values (and all properties derived from it such as the protein-to-mRNA abundance ratio (PRR)) get more realistic. Finally, the consideration of SAGE measurements allows us to include three additional mRNA expression values from SAGE for which no microarray measurement is available.
Grouping At the current stage, we refrain from expressing the PHD as a half-life in units of time, because the uncertainty of the underlying measurements is still too large to warrant its interpretation as an actual half-life. However, current data allow a classification of proteins into those with high and low stability. As the quality of protein abundance measurements improves also quantitative interpretation will become feasible.
RESULTS
In order to obtain a reference mRNA abundance for each ORF, we have compiled a set of 36 independent mRNA abundance measurements originating from different research groups. All measurements were performed using oligonucleotide microarrays and the same medium (YPD). This ensures high consistency of the data, while the selection from different research groups minimizes possible biases. Not all ORFs were measured in all studies, but the dataset contains at least 30 independent measurements for Ͼ6,000 ORFs. We applied a signal-dependent correction to high mRNA values in order to account for saturation effects (5, 17) . This correction yields larger, more realistic absolute values in the upper range of the microarray data set (c.f. "Materials and Methods"). The resulting dataset is characterized by low noise: 94% of the abundance values have a coefficient of variation (CV) less than 1 and 99% of them have a CV below 2.5.
Protein abundance data are taken from Refs. 2 and 7. The protein abundances are much more uncertain than the reference mRNA levels, because they are based on fewer measurements and because the measurement techniques are less mature. To reduce also the error of protein abundances, we calculated the average of protein levels from Refs. 2 and 7 whenever possible (1, 669 ORFs are contained in both datasets). Protein versus mRNA correlations are most significant when using the averaged protein levels (see supplemental material), suggesting that the averaged protein concentrations are in fact characterized by reduced noise. The availability of two measurements for some of the genes allows to get at least some idea of the uncertainty of the protein abundance values and properties derived from them. See the supplemental material for a detailed comparison of the available datasets.
The efficiency of translation can be measured by ribosome density on the mRNAs and the fraction of mRNA bound to ribosomes (ribosome occupancy) (1, 19 -21) . Hence, the observed protein levels should be better explained if in addition to mRNA abundance also ribosome density is taken into account. Previous calculations of ribosome density were based on ORF length (1, 20, 21) . Using data from Refs. 1, 3, and 21, we calculated two different ribosome densities: Either the number of ribosomes gets divided by the ORF length (Ribosome Density 1) or by the transcript length (Ribosome Density 2). In both cases, the average number of ribosomes from Refs. 1 and 21 was used. We find that correlations between protein levels versus ribosome density are strongest when using Ribosome Density 2 ( Table I ), suggesting that ribosome densities calculated on the basis of transcript length better describe translational efficiency.
Protein and mRNA Abundance as Indicators of Suppressed Translation-The genome-wide arithmetic mean protein abundance is 9,400 molecules per cell; the arithmetic mean mRNA abundance after applying our correction algorithm is 3.9 mRNA molecules per cell. However, we prefer to use median values for comparing compartments and functional modules, because the median is less affected by extreme values. Comparison of the available datasets shows that the median is much more stable against variations between the studies. The corresponding median values for the entire cell are 2,800 protein and 0.7 mRNA copies per cell, which are substantially below the arithmetic mean values. Median protein and mRNA levels vary significantly between compartments and functional modules (Fig. 1) . The compartment and module-specific medians have to be interpreted with care: for instance, one might expect that the compartment "cytoskeleton" should have large average mRNA and protein levels. However, although some of those proteins are highly expressed they present only a small fraction of all gene products in that compartment.
The solid lines in Fig only low protein levels. Such genes are efficiently transcribed, but either translation is suppressed or the translation products are rapidly degraded. In either case, the cell has the option to establish higher protein concentrations without having to transcribe additional mRNAs.
Protein-to-mRNA Ratio (PRR)-If there would be no posttranscriptional regulation of protein levels, the PRR were the same for all proteins. Thus, varying PRRs are indicative of post-transcriptional regulation.
The median PRR of all ORFs is 2,500 protein molecules per mRNA molecule, and the median values of modules and compartments vary by a factor of two around this cell-wide median (Fig. 1, c and d) . The median PRR is smallest in the compartments "extracellular proteins" and "cell wall" and it is largest in the lipid particles. Among the functional modules, low PRRs appear in the module "protein synthesis" and the largest occur in the "energy" module. Large PRRs (i.e. efficient translation) of energy-related proteins is plausible, because many of these proteins are needed throughout the cell cycle and under all environmental conditions. The PRR is similar to the "enrichment" proposed previously by Greenbaum et al. (22) , who were using a smaller set of protein data. They came to similar conclusions with respect to enrichment in most modules. A significant difference between Greenbaum's and our studies occurs only in case of "protein synthesis" where we find a PRR below the global average, while Greenbaum and colleagues observe an enrichment for these ORFs. The protein abundances used by Greenbaum and coauthors were obtained by gel-based techniques, which are known to have a bias toward proteins with longer half-lives and higher abundances (4, 5) . Thus, proteins with low PRRs likely have been missed in previous studies. In addition, the two measures (median PRR, enrichment) are not identical, and differences with respect to growth conditions cannot be ruled out as a potential cause of this inconsistency.
Protein Abundance Is Weakly Correlated to mRNA Abundance and Translational Activity-The number of proteins synthesized per unit time depends on the number of mRNA molecules coding for this protein and on the respective translation rate. Therefore, we define "translational activity" as the We calculated Spearman rank correlation coefficients (r s ) of protein abundances versus mRNA levels and versus translational activities for the different protein groups (Fig. 2) . It has been shown that protein and mRNA abundance data are not normally distributed (2, 5) , therefore the Spearman rank correlation coefficient is more suitable than the Pearson correlation coefficient. For the whole cell the r s are 0.580 and 0.596 for the protein-mRNA and protein-translational activity correlation, respectively. While the protein-mRNA correlation in most spatial compartments is relatively weak (six compartments have a r s below 0.4), functional modules generally exhibit stronger correlations. It is plausible that expression regulation is more strongly synchronized within functionally homogeneous modules. The modules "metabolism," "energy," and "protein synthesis" exhibit the strongest correlation between mRNA and protein levels, suggesting that these modules are substantially regulated at the transcriptional level.
In agreement with previous observations (20, 21) , ribosome density and ribosome occupancy are positively correlated with mRNA abundance (Table I) . Thus, our analysis suggests a general tendency to increase mRNA levels and ribosome density in concert ("homodirectional changes" (20) ). The different ribosome densities discussed above also yield two variants of translational activity. We find slightly improved correlations with mRNA and protein abundance when dividing the number of ribosomes per mRNA by the transcript length rather than the ORF length (Table I, supplemental material Fig.  S4) . A long transcript length compared with the ORF length is indicative for regulatory elements in the UTR (3). Such UTRs may be populated by ribosomes, e.g. if they contain upstream ORFs (12) . Hence, regulatory elements on the UTR may reduce the effective ribosome density, which is partly being accounted for by using the transcript length instead of the ORF length. In the remainder we restrict our analysis to ribosome densities and translational activities based on transcript length.
Interestingly, there is no consistent improvement of the correlations when using translational activity instead of mRNA abundance (Fig. 2) . In case of the functional modules, the correlation versus translational activity is mostly the same or it is slightly better than the correlation versus mRNA levels. There is, however, a strong, significant improvement of the correlation for the module "protein activity regulation," indicating that translational control of protein amounts is highly important for these proteins.
Evidence for Translation on Demand-When environmental signals require a quick cellular response, protein expression regulation via altering transcription may be too slow for urgently needed proteins. In such situations the cell constitutively maintains a sufficient level of mRNA, but blocks translation until the protein is actually needed (e.g. GCN4 regulation (23)). Most of such proteins will be synthesized at low levels under standard conditions (i.e. without stressors), while mRNA should be present at reasonable amounts to allow for "translation on demand." Translation on demand has been suggested for the yeast proteins GCN4, HAC1, and ICY2 (23) (24) (25) . By analyzing the correlations, mRNA levels, and ribosome densities we confirm this notion (Table II) and we identify new candidate genes that are potentially subject to translation on demand.
Because protein amounts of such ORFs depend on translation rather than transcription, an improved correlation is expected if ribosome densities are taken into account. The module "protein activity regulation" is a good example in that respect (Fig. 2b) . Proteins of this module comprise regulatory proteins (such as GTPases or GDP/GTP exchange factors) that are needed at temporally varying amounts. Further evidence for translation on demand in this module can be gained by looking at the median mRNA levels and ribosome densities (Fig. 1, b and f) . The module has a median mRNA abundance close to the cell average, but a low median ribosome density (0.27 ribosomes per 100 nts), resulting in a very low translational activity (median value 0.09). Thus, there is potential for a significant enhancement of translation in response to environmental signals.
Other modules involved in fast response to environmental stimuli ("cellular communication/signal transduction," "cell rescue/defense/virulence," and "interaction with cellular environment") show similar patterns with respect to correlations, mRNA levels, and ribosome densities (Figs. 1 and 2 ), suggestdensity is ribosomes per transcript length; translational activity is the product of mRNA concentration and translation rate. Solid lines indicate median values for the whole cell (i.e. all available ORFs); dashed lines in a and b are power-law regressions of protein versus mRNA levels for all ORFs (exponent ϭ 0.6). A power-law regression gives the best fit of the data. Deviations from the regression are due to variableposttranscriptional control or due to noisy data. The module "protein synthesis" is not shown in b; its median protein and mRNA abundance are 9,500 and 4.6 molecules per cell, respectively. Two-letter code for protein groups are as follows. 
FIG. 2. Correlation of protein abundance versus mRNA levels (dark gray) and versus translational activity (light gray).
Translational activity is the product of mRNA abundance, ribosome occupancy, and ribosome density, while ribosome density is the number of ribosomes per transcript length. Correlation is measured with the Spearman rank correlation coefficient (r s ) for (a) spatial cell compartments and (b) functional modules. Horizontal line indicates the correlation versus mRNA abundance for all available ORFs ("all," first bar on the left). Protein groups with significant correlations (p Ͻ 0.01) are indicated by an asterisk (*) next to their name. Module "protein activity regulation" has no significant correlation with respect to mRNA abundance, but correlation versus translational activity is significant. Error bars were determined as follows: Correlations were separately calculated for the protein abundance data from Refs. 2 and 7. The error bars show the maximum deviation of the two r s from the reference correlation. Variations among the different mRNA datasets were substantially smaller than for the two protein datasets.
ing that a sub-set of the ORFs is regulated via translation on demand.
Protein Degradation Significantly Affects Protein-mRNA Ratios-Although protein levels in some modules are better explained by taking into account translation rates and mRNA abundance together, there remains a large amount of scatter. While this scatter must partly be attributed to uncertainty and variability of the measurements, also regulated protein turnover will be causative. We calculated a protein half-life descriptor (PHD, see "Materials and Methods") for about 4,000 proteins. The PHDs are provided as supplemental data and they can be downloaded from our web site.
The PHD quantifies the deviation from a perfect relationship between observed protein abundance and translational activity. Assuming that Equation 1 is a valid approximation of the real kinetic and neglecting noise in the data, the PHD values are proportional to the in vivo half-lives of the proteins (see "Materials and Methods"). Hence, small PHDs correspond to short half-lives and large PHDs to long half-lives. The PHD values lie between 0.04 (Rpl21p) and 5,000 (Pck1p). This is a range over 5 orders of magnitude, which is not unrealistic given that in vivo half-lives vary from a few seconds up to many days (26) . However, more than 95% of the PHDs are between 0.1 and 100, i.e. by far the most PHDs lie within just 3 orders of magnitude.
Because the PHDs are based on five measured properties (protein and mRNA abundance, ribosome density and occupancy, transcript length), we expect large uncertainty of the calculated PHDs. If, for instance, a gene was differently expressed during the mRNA and protein abundance measurements, the PHD derived from these values could substantially over-or underestimate the true value. 2 However, a qualitative agreement between in vivo half-lives and the PHDs should be achievable for many proteins. Based on protein abundance data from Refs. 2 and 7 and on ribosome densities/occupancies from Refs. 1 and 21, we can estimate the uncertainty of PHDs for 1,554 proteins that are contained in all four datasets.
Here we define the PHD uncertainty range as the deviation of the maximum and minimum PHD based on all possible parameter combinations from the four datasets. PHDs vary by less than a factor of 2 for 186 proteins and the PHDs of 453 proteins vary by more than a factor of 10. Thus, about 30% of the PHDs deviate by more than one order of magnitude. Table III shows calculated PHDs along with measured protein half-lives taken from the literature. The table shows that large PHDs often correlate with long half-lives. As a rough rule we can conclude that proteins with half-lives in the range of a few minutes up to an hour usually have PHDs below 3. Relative differences between turnover rates of related proteins are often well reflected by the PHD (P1p versus P2p, Hmg1p versus Hmg2p, Rad51p versus Rad52p). Fig. 1, c and d show median PHDs for different compartments and functional modules. High PRRs are unlikely to coincide with low PHDs (bottom right quadrant). A low PHD means that the respective protein has a low stability, which renders high PRRs unlikely. The module "protein synthesis" has a median PHD significantly below the cell average and at the same time a very good protein-mRNA correlation (Fig. 2b) , suggesting that both transcription and turnover of ribosomal proteins are strongly regulated (3, 8, 9) . Our findings confirm previous suggestions that ribosomal protein amounts are regulated via degradation of excess proteins (6, (27) (28) (29) .
DISCUSSION
Understanding all steps of protein expression regulation is important for a full elucidation of a cell's response to environmental signals. The availability of genome-wide data of mRNA levels, translational status, and protein abundances in yeast allows us to perform an integrated analysis of post-transcriptional expression regulation in a whole cell. The mRNA levels used here are based on a large number of independent meas-
TABLE II Translation on demand for selected ORFs
Translation on demand has been suggested for the yeast proteins GCN4, HAC1, ICY2, and CPA1 (23) (24) (25) 32) . GCN4 has an exceptionally high mRNA abundance but a very low ribosome density. Protein abundance has not been measured. The other proteins have low PRRs and also low ribosome densities, which is both indicative for translation on demand. The available data thus confirm the notion that these four proteins are subject to translation on demand. For comparison, we have included the median values for the whole cell and the data for CPA2, which likely is not regulated at the translational level (32) . In contrast to the other proteins, CPA2 has a very high PRR and a comparably high ribosome density, confirming constitutive expression of CPA2. urements. To our knowledge we have compiled the largest reference dataset of yeast transcript levels at vegetative growth published so far, which ensures high fidelity of the mRNA levels used. In contrast to the mRNA data, there currently exists only one (almost) genome-wide study of protein levels in yeast (2) , and therefore protein abundance data are more uncertain than mRNA levels. We compared protein abundances from Ref. 2 with previous studies, which have used different techniques and which were performed on a smaller scale (7, 22) . Although there is no obvious bias in the data (e.g. when plotting the two datasets against each other), the measurements sometimes deviate by orders of magnitude (Fig. S2, supplemental material) . A comparison of ribosomal proteins reveals the uncertainty inherent to the available protein abundance data. In our reference dataset, which is the average of the data from Refs. 2 and 7, protein concentrations of ribosomal proteins range from 3,000 to 300,000 molecules per cell. When looking at the protein datasets from Refs. 2 and 7 separately, the ranges are 450 -600,000 and 500 -100,000, respectively. Whatever dataset is chosen, all ranges deviate significantly from a 1:1 stoichiometry assumed for ribosomal subunits. 3 This certainly is of concern when looking at individual proteins. However, average results for compartments or modules are more stable against unbiased noise. A comparison of the module-and compartment-specific correlations (Fig. S3 , Table S1 , supplemental material) shows that the results with respect to differences between the protein groups are largely independent of the dataset chosen. For example, the finding that the median PHD of ribosomal proteins is comparably low is independent of the range of the values and the conclusion does not depend on the protein abundance dataset used. That means, even if we use only the protein abundances from Ref. 7 , which are gelbased measurements, we find a median PHD significantly below the cell average (cell-wide median PHD, 6.4; median PHD for module "protein synthesis," 1.7). Although the current protein abundance data hardly allow quantitative prediction, their improvement in the future will yield substantially more detailed insights and even quantitative conclusions can be drawn.
A rising number of studies is looking at ribosome density as a measure for translational efficiency (1, 20, 21) . It is therefore important to clarify whether ORF length or transcript length is more relevant for the translational efficiency. This study provides statistical evidence that ribosome densities based on transcript length are the better descriptor of translational efficiency, possibly because transcript length correlates to the presence of regulatory motives in UTRs (11, 30) . A longer UTR has a higher probability of containing such a regulatory element (3), which might explain the weak though statistically significant negative correlation between protein abundance and UTR length ( Table I) .
The correlation of protein to mRNA levels in individual compartments is often weaker than for the cell-wide average. This finding supports the assumption that there is no general correlation between mRNA and protein abundance, and it is consistent with previous studies analyzing specific biochemical pathways (9, 21) . However, a more pronounced correlation of the two properties can be observed for certain functional modules (Fig. 2b) . This is most likely an effect of co-expression and common translation regulation of these genes (8, 20, 21) .
The fact that protein abundance in some cases is better correlated to translational activity than to mRNA copy numbers alone supports the hypothesis that regulation at the translational level can at least partly be described by ribosome occupancy and ribosome density (20, 21) . However, in some cases this assumption may be wrong. Ribosomes could bind to mRNA without actively translating the message (e.g. HAC1 (25)). As long as the number of ribosomes binding to such transcripts is low, conclusions are not significantly affected. In case of HAC1, the ribosome density is comparably low (0.26 per 100 nt) and even under normal conditions a small amount of Hac1p is detected (Table II, this is most likely  the unspliced, noninduced form Hac1p u (25) ). Thus, in this example, a low ribosome density corresponds with a low protein abundance, which is in agreement with our assumptions. Future work should more in detail investigate the blocking of translation during the elongation step. If this mechanism of translation regulation turns out to be relevant for a significant number of proteins, this could have severe implications also for previous studies that rest on the same assumptions as this work (20, 21) . As long as only a small number of proteins is regulated in this way, our general conclusions based on the analysis of protein groups would not change. In general, the protein abundance is only slightly better explained by translational activity than by mRNA abundance. Thus, the remaining scatter underlines the importance of other post-transcriptional control mechanisms. The large variability of the PHDs documents the importance of turnover for protein level regulation (13, 26) . The PHD values calculated for all available proteins vary over 5 orders of magnitude. Even if we assume that, for instance, two orders of magnitude were due to noisy data, there would be a remaining variability of 3 orders of magnitude. If the large scatter is not completely random, protein turnover may be similarly important for protein abundance regulation than translational control, at least during vegetative growth.
Exploring the available data allows to identify compartments that are subject to translation on demand (e.g."signal transduction") or that are regulated via protein turnover (such as "cell wall"). Combinations could also be observed such as for ribosomal proteins, for which the data suggest joint transcriptional and post-transcriptional regulation. In agreement with previous findings (8, 9, 21) , this study implies a significant primary response to environmental changes at the translational level, which remains undiscovered in the exclusive analysis of mRNA levels. In case of the module "protein activity regulation," the relevance of translational control is particularly apparent, which should trigger more detailed analyses of the expression regulation of this group of proteins.
Finally, we demonstrate the possibility to calculate a PHD, which relates the steady-state protein level to the synthesis rate (18) . We had to combine measurements from different laboratories, where growth conditions might not always be identical. In order to improve the precision of PHDs, independent experimental verification of protein levels is particularly important. Recently, other means of measuring protein turnover rates at a larger scale have been suggested (14, 18, 31) , but up to now no half-life dataset of the size presented here has been published.
Our analysis helps to identify compartments where microarray experiments might be sufficient to predict protein level regulation as opposed to those where post-transcriptional regulation has to be taken into account. Future work should more precisely identify conditions under which a good correlation between gene transcription and protein abundance can be expected. Having this information available is crucial for correctly interpreting gene expression data, such as those obtained from microarray experiments.
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